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Abstract 
A core principle of construct modeling is that assessment design should begin not with item creation, but with the development 
of a construct map. The purpose of this research was to develop and investigate a multidimensional construct map of responsible 
citizenship of lower secondary school students with high construct validity and reliability. Samples were 300 lower secondary 
school students in Thailand. Research instrument was a multidimensional responsible citizenship scale for lower secondary 
school students. Data were analyzed by using descriptive statistics, and multidimensional item response theory. Findings were as 
follows: 1) The multidimensional construct map of responsible citizenship of lower secondary school students comprised of three 
dimensions, i.e., knowledge, skill and attitude. The knowledge dimension consisted of 4 levels (i.e., Definition, Description, 
Analysis, and Evaluation). The skill dimension consisted of 3 levels (i.e., Imitation, Participation, and Role Model). The attitude 
dimension consisted of 3 levels (i.e., Perception, Value, and Conscious), respectively. 2) The multidimensional responsible 
citizenship scale consisted of three dimensions according to the multidimensional construct map. The EAP reliability of scale 
were .954, .901, and .895, respectively, whereas the construct validity of scale were supported by responsible citizenship model 
of multidimensional approach (RCMMA). The RCMMA (G2 = 21107.469, AIC = 21287.469) was better fit than that of the 
composite approach (G2 = 21381.444, AIC = 21551.444).  
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1. Introduction 
When we rely upon gains on some measure to support statements of prescription, we have the obligation to 
ensure that those measures are valid. A core principle of construct modeling is that assessment design should begin 
not with item creation, but with the development of a construct map. Construct maps are representations of models 
of cognition by which the results of the assessment can be interpreted. Without construct maps in place from the 
beginning, assessment designers are handicapped with a largely implicit model of cognition and no clear guidance 
for item developers on how to create assessments with construct validity (Brown & Wilson, 2011). In this paper we 
illustrated the usefulness of a multidimensional approach to measurement with the Multidimensional Random 
Coefficient Multinomial Logit (MRCML) model, an extension of the unidimensional Rasch model. The potential 
usefulness of multidimensional item response models has been recognized for many years and there has been 
considerable recent works on the development of multidimensional item response models and, in particular, on the 
consequences of applying unidimensional models to multidimensional data, both real and simulated (Ackerman, 
1992; Embretson, 1991; Folk and Green, 1989; Reckase, 1985; Reckase and McKinley, 1991; Walker and Beretvas, 
2000).  
Responsible citizenship involves the determination to act in the best interest of human and ecological 
communities, for social, environmental, and economic benefits. Ethical decision-making requires an understanding 
that one’s actions have both direct and indirect effects on humans and environments, and acting conscientiously to 
support societal movement toward a sustainable future. Moreover, influencers can help youth feel connected to 
political systems, and help to promote the view of youth as active and contributing members of their communities.  
The related literatures indicated that the responsible citizenship was comprised of three dimensions, i.e., knowledge, 
skill and attitude, as the multidimensional latent variable. Many constructs are more complex than unidimension; 
therefore, construct map approach is appropriate to measure the multidimentional latent variable. (Wilson, 2005)   
The purpose of this research was; therefore, to develop and investigate a multidimensional construct map of 
responsible citizenship of lower secondary school students with high construct validity and reliability.
2. Method 
2.1 Participations  
 
Data were collected from 300 lower secondary school students (grade 7-9) in the schools under the jurisdiction of 
the Office of Basic Education Commission of Thailand in the 2015 academic year. Samples were selected by multi-
stage random sampling from all regions (north, middle, northeast and south) of Thailand. This number of students 
was comprised of 137 male and 163 female students.  
 
2.2 Instrument 
 
Research instrument was a multidimensional responsible citizenship scale for lower secondary school students  
comprised of three dimensions, i.e., knowledge, skill and attitude. The knowledge dimension consisted of 4 levels 
(i.e., Definition, Description, Analysis, and Evaluation). The skill dimension consisted of 3 levels (i.e., Imitation, 
Participation, and Role Model). The attitude dimension consisted of 3 levels (i.e., Perception, Value, and 
Conscious), respectively. The EAP reliability of scale were .954, .901, and .895, respectively. 
 
2.3 Data Analysis 
 
Student’s responsible citizenship on these assessments is multidimensional in nature, but can also be treated as 
consecutive unidimensional estimates, or as is most common, as a composite unidimensional estimate. Structural 
parameters were estimated for each model using ConQuest, and model fit was compared. Student behavior in 
responsible citizenship was also compared across models with fit statistics including Akaike information criterion 
(AIC), and deviance index (G2).  
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Parameters in the model were estimated using ConQuest (Wu, Adams, & Wilson, 2007), ConQuest is a software 
that uses marginal maximum likelihood (MML) estimation to calculate item, step, and population parameters for the 
multidimensional random coefficients multinomial logit (MRCML) models. In addition, ConQuest provides a 
selection of methods for calculating person parameters and associated person separation reliabilities (Wright & 
Masters, 1982), including maximum-likelihood estimation, both weighted (WLE) and unweighted (MLE), and 
expected a posteriori estimation based upon plausible values (EAP/PV). Standard errors are provided for all 
parameters and a selection of fit statistics (Wright & Masters, 1982; Wu, 1997) are provided for item and step 
parameters. 
3. Results 
3.1 Development of Construct Maps 
 
A construct map for this study is very important for the multidimensional responsible citizenship scale (MRC-
Scale) for lower secondary school students. The item was developed based on the description of different levels of 
responsible citizenship for lower secondary school students. The multidimensional construct map of responsible 
citizenship of lower secondary school students was comprised of three dimensions, i.e., knowledge, skill and 
attitude. The knowledge dimension consisted of 4 levels (i.e., Definition, Description, Analysis, and Evaluation). 
The skill dimension consisted of 3 levels (i.e., Imitation, Participation, and Role Model). The attitude dimension 
consisted of 3 levels (i.e., Perception, Value, and Conscious), respectively. The construct maps of responsible 
citizenship of lower secondary school students as shown in Table 1-3. 
 
    Table 1.  A construct map of responsible citizenship in the knowledge dimension. 
 
Level Description of respondent Description of response 
4 
Evaluation: EV
Students have ability of level 3 and can also assess 
impact in the future about knowledge, laws, and 
social practices, rights, and democratic liberties, 
political system, and social issues, and can also make 
the creative decision in various situations. 
The responses that match this level are the data that 
demonstrate the application of body of knowledge 
to assess both positive and negative impact that 
may occur in the future. Students may have 
suggestions to resolve the problems, and also have 
creative decision making in various situations. 
3 
Analyzing: AN 
 
Students have ability of level 2 and can also analyze 
problems and give comments on the principles and 
rationale about knowledge, laws, and social practices, 
rights, and democratic liberties, political system, and 
social issues. Moreover, they can apply body of 
knowledge in various situations, but can not assess 
the impact. 
The responses that match this level are the data that 
demonstrate the analysis on reasons to explain any 
subjects with the support from the body of 
knowledge and the ability to apply the knowledge 
in different situations, but do not demonstrate the 
impact that will occur in the future. 
2 
Description: DES 
 
Students have ability of  level 1 and can also describe 
by interpreting, translating and elaborating on body of 
knowledge, laws, and social practices, rights, and 
democratic liberties, political system, and social 
issues but can not analyze, and assess the impact. 
The responses that match this level are the data that 
show the understanding and the ability to describe 
by translation, interpretation, elaboration. It shows 
a higher level than remembering process but can 
not show the analysis with bodies of knowledge for 
rational explanation. 
1 
Definition: DE 
Students can remember body of knowledge, laws and 
social practices, rights, duties, democratic liberties, 
political system, and social issues but can not 
describe, analyze or assess the impact. 
The responses that match this level are the data 
from memory-level knowledge only. Students may 
remember because they may learn from classes or 
hearsay or from the students’ experience. 
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     Table 2.  A construct map of responsible citizenship in the skill dimension. 
 
Level Description of respondent Description of response 
3 
Role Model: RM 
Students have ability of level 2, but in a behavior that 
is enthusiasm on the issues of crisis or problems in 
school or society. Students cannot allow any 
problems to persist if it affects many people. They 
will be enthusiastic leadership for change and behave 
as role models, expressing love and cherishing the 
national culture with sincerity. Moreover, students 
can accept and live in the midst of a multicultural 
society. 
The responses that match this level are the data that 
show the enthusiasm of expression with willingness 
and the behavior is expressed quite automatically as 
good example to others. Students also have 
leadership for change and ability to solve problems. 
The understanding, acceptance and ability to live in 
the midst of a multicultural society are also 
demonstrated. 
2 
Participation: PAR 
Students have ability of level 1, but in a positively 
expressing behavior with willingness, highlighting on 
the participation in the activities of the family, school 
and social skills. Students also have an interpersonal 
relationship and foster an atmosphere of learning but 
still lack the leadership for changes and still follow 
the traditional concept from the past. 
The responses that match this level are the data that 
demonstrate the willingness of behavioral 
expression and the highlight on its involvement in 
various activities of the family, school and society, 
as well as the focus on communication and good 
relationship building in society. The expression is 
in the form of participant in the activity but does 
not represent leadership. 
1 
Imitation: IM 
Students can follow the regulations and social ethics, 
participate in social activities, establish relationships 
and have good communication, as well as solve 
problems and make decisions for some time. Such 
behavior is caused by self-direction to follow the 
example widely accepted by general society as a 
follower or practitioner for both behavior wanted or 
unwanted by himself in order to survive in society, but 
the actions are probably not caused by their real needs. 
The responses that match this level are the data 
caused by practical skills from imitation or 
following of the example of the general social 
acceptance or goodness as the follower or 
practitioner only but do not show a willingness to 
practice, and lack of enthusiasm. 
 
   Table 3.  A construct map of responsible citizenship in the attitude dimension. 
 
Level Description of respondent Description of response 
3 
(Concious: CO) 
 
Students have ability of level 2 and can express the 
reasons for their selection of action with the 
consideration on the principles of justice and equality, 
without the dominance of superior power holders. 
Students believe that the correct behavior must be 
based on personal values and combined with the 
standard that has been reviewed and accepted by 
society. They also accept the value of the human being, 
and have an automatic and quite durable expression. 
The responses that match this level are the data that 
show the ingrained feelings towards something.in 
the automatic and durable nature with the usage of 
the principles of reason and ethics and are rather 
difficult to change. In addition, the responses must 
be based on personal values, combined with the 
standard that has been reviewed and accepted by 
society. 
 
2 
(Value :VA ) 
Students have ability of level 1, and express the belief 
in something, which is the basic cause of esteem and 
emphasis due to the need to create happiness for 
themselves and their society. Students are 
compassionate and understand the feelings of others. 
They also know their role as part of society and have 
the belief that everyone must be the keeper of the 
society standards but have not expressed an automatic 
and durable response. 
The responses that match this level are the data that 
demonstrate the values and interests of anything 
viewed as beneficial to society. The responses to 
data are derived from the perception and can create 
value for themselves and society. There is a sense 
of agreement on anything that is good and has a 
positive impact on society but the responses to this 
level have not led to an automatic and durable 
expression
1 
(Perception: PE) 
Students can express their personal perception in the 
belief in the body of knowledge and social ethics. 
They also accept the different cultures and ideas, have 
the awareness of the rights, welfare of others, and 
public mind. The perception is just for what is good / 
bad, or should / should not be done according to 
The responses that match this level are the data that 
show the perception of what is good / bad or 
should/should not be done according to sensual 
perception. The perception is not as deeply rooted 
in the mind as the values, or the consciousness. 
Therefore, the responses in this section will not 
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sensual perception and not much emphasis is given to 
anything. This perception may be easily changed 
according to the data and information received. 
lead to a pronounced behavioral expression and 
tend to be easily changed according to new data 
and information. 
3.2 Construct validity 
 
     The instrument was predicated upon three well-defined constructs, i.e., Knowledge, Skill, and Attitude. Results 
indicated that the data fit the model that uses these constructs to define the ordering of responses. The analysis 
indicated by the mean location of respondents within each level. For all the items, parameter fit statistics were 
symmetrically distributed without outliers, indicating a good fit of the data to the assumptions of the model.  
3.3 Item fit statistics 
Items for which the statistics of weighted fit mean square (MNSQ) is smaller than .6 or larger than 1.5 (Lunz, 
Wright & Linacre, 1990) is considered as criterion of showing poor fit. The value of 1 of this statistic means that the 
observed squared residual of an item equals the expected squared residuals. When mean square values are greater 
than 1, it means that the observed residual is greater than the expected. When mean square values are less than 1, the 
observed residual is less than the expected (Wilson, 2005). The estimation results of unidimensional approach as 
shown in Table 4 indicates that all items (36 items) were within expected range.  
 
Table 4 Estimates of the model fit statistics 
 
 
3.4 Model diagnosis                                                                                                                                                              
     The deviance index (G2) is equal to -2 x log – likelihood, a low G2 indicates better fit. Using likelihood ratio 
(LR) test, the relative fit of models can be compare. The second index used in diagnosing the models is Akaike 
(1974). AIC offers a relative measure of the information lost when a give model is used to describe reality. It 
describes the trade off between bias and variance in model construction (Shin, Chang, & Cheng, 2013). The greater 
the likelihood, or lower the deviance (G2) is the better the data fit the model. The completing models may be ranked 
according to their AIC, and the one having the lowest AIC is the best. This study showed that the multidimensional 
Item δi SEδi 
Unweighted fit 
(Outfit) 
Weighted fit 
(Infit) Item δi SEδi 
Unweighted fit 
(Outfit) 
Weighted fit 
(Infit) 
MNSQ t MNSQ t MNSQ t MNSQ t 
1 -0.214 0.088 0.86 -1.8 0.87 -1.7 19 -0.204 0.082 0.95 -0.5 0.95 -0.8 
2 0.942 0.113 0.78 -2.9 0.73 -3.5 20 -0.147 0.081 1.44 4.7 1.24 3.6 
3 0.175 0.134 0.80 -2.6 0.80 -2.8 21 -0.248 0.089 1.03 0.4 1.00 0.1 
4 0.166 0.106 0.99 -0.1 0.99 -0.1 22 0.041 0.093 1.03 0.4 1.03 0.4 
5 -0.272 0.088 1.42 4.5 1.39 4.6 23 -0.376 0.088 0.94 -0.7 0.94 -0.9 
6 -0.197 0.092 0.97 -0.4 0.95 -0.6 24 0.310 0.093 0.96 -0.5 0.96 -0.5 
7 0.080 0.095 1.36 4.0 1.33 3.9 25 0.156 0.083 1.11 1.3 1.10 1.6 
8 0.116 0.093 1.20 2.3 1.22 2.6 26 0.408 0.080 1.11 1.3 1.13 2.1 
9 -0.164 0.096 0.85 -1.9 0.85 -2.0 27 0.360 0.095 1.04 0.5 1.03 0.5 
10 -0.092 0.107 1.00 0.0 0.99 -0.1 28 -0.076 0.079 0.97 -0.4 0.97 -0.5 
11 -0.498 0.088 1.02 0.3 1.04 0.6 29 -0.392 0.080 0.90 -1.2 0.91 -1.5 
12 -0.041 0.099 0.91 -1.1 0.93 -0.9 30 -0.151 0.088 1.00 0.0 1.00 0.0 
13 0.668 0.099 1.16 1.9 1.11 1.5 31 -0.286 0.076 1.03 0.4 1.02 0.3 
14 0.492 0.097 0.89 -1.4 0.89 -1.6 32 0.031 0.079 0.99 -0.1 0.99 -0.1 
15 0.228 0.105 0.95 -0.6 0.95 -0.6 33 0.336 0.092 1.00 0.0 0.99 -0.2 
16 -0.425 0.097 1.01 0.2 1.00 0.0 34 -0.446 0.084 1.01 0.2 1.00 0.0 
17 -0.332 0.080 0.92 -0.9 0.93 -1.1 35 0.132 0.078 0.94 -0.7 0.93 -1.2 
18 -0.007 0.090 1.00 0.1 1.01 0.2 36 -0.072 0.074 0.95 -0.6 0.95 -1.0 
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model (G2 = 21107.469, AIC = 21287.469) was better fit than the consecutive unidimensional model (G2 = 
21690.087, AIC = 21864.087) and the composite unidimensional model (G2 = 21381.444, AIC = 21551.444) as 
shown in Table 5. 
                      Table 5 Model fitness statistics comparison 
Model G2  AIC # of parameters 
Model 1: consecutive unidimensional 21690.087 21864.087 87 
Model 2:composite unidimensional 21381.444 21551.444 85 
Model 3: multidimensional 21107.469 21287.469 90 
Conclusion and discussion 
A core principle of construct modeling is that assessment design should begin not with item creation, but with the 
development of a construct map. This study demonstrated that the multidimensional construct map of responsible 
citizenship of lower secondary school students comprised of three dimensions, i.e., knowledge, skill and attitude. 
The knowledge dimension consisted of 4 levels (i.e., Definition, Description, Analysis, and Evaluation). The skill 
dimension consisted of 3 levels (i.e., Imitation, Participation, and Role Model). The attitude dimension consisted of 
3 levels (i.e., Perception, Value, and Conscious), respectively. Student behavior in responsible citizenship was also 
compared across models with fit statistics including Akaike information criterion (AIC), and deviance index (G2). 
The multidimensional model had the best fit to the data, and provided more reliable estimates of student’s 
responsible citizenship than under the consecutive unidimensional model and the composite unidimensional model. 
Additional opportunities to strengthen the evidence for the validity of the system become available. For example, 
the results for the measurement model should be consistent with the model. In the construct modeling approach, the 
item parameter estimates should fall in the order predicted by the construct map (and also have satisfactory fit 
statistics) (Brown & Wilson, 2011). Construct map approach gives instrument designers the freedom to design an 
appropriate model of cognition, based on research on how students represent knowledge and develop competence. 
Moreover, instruments are generally developed first with the guidance of content experts. After the items are 
written, scoring guides are developed to score possible responses. The items are then pilot tested with a sample from 
the intended population. Their raw score are subsequently analyzed to produce scale scores. At this point, items are 
analyzed using statistical methods to examine their measurement properties. Assuming the item statistics are 
satisfactory, the instrument is considered finished (Brown& Wilson, 2011). 
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